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MONTE CARLO ALPHA DEPOSITION

Thurman L. Talley and Foster Evans

Theorencal Division
Los Alamos National Laboratory
Los Alamos, New Mexico, USA

Absrict; Prior work 12 demonstrated the importance of nuclear scattering to fusion product energy
deposition in hot plasmas. This suggests careful examination of nuclear physics details 1n burning plasn
sunulations, An existing Monte Carlo fast ion transport code is being expanded to be a test bed tor this
examination. An inital extension, the energy deposition of fast alpha particles in a hot deuterium plasma,
15 reported. The deposition times and depositon ranges are modified by allowing nuclear scantering. Up
to 10% of the imnal alpha particle energy is carried to greater ranges and times by the more mobile recoll

deuterons.

(Keywords: Monte Carlo, Fast Ion, Alpha D#position)

Introduction

In the interest of brevity, the reader is referred to an
earlier paper ! for a more complete description of the approach
and terminology. A brief summary follows.

Fast ions are assumed to lose energy continuously to
plasma electrons and ions through Coulomb interactions along
straight line paths unal either a large angle (8>8¢) ion-ion
scanering is stadsucezlly decreed or the i1on is thermalized.
Upon scattering, two fast ions emerge, the scattered ion and
the recoil ion. Directions and energies of the scattered and
recoil 1ons are randomly chosen by sampling angular
disaibutions of the scattering process. Each fast ion is macked
by repeating this procedure until thermalization. With a
sufficiently large number of initial fast ions, an average energy
deposition in space and tine is determined.

Previously! the deposition of fast deuterons in a
deuterium plasma was reported. The next logical extension
was to treat the important problem of fusion alpha deposition
in a deuterium plasma

Data describing the d-a «cattering including nuclear
rocesses were obtained from D C Dodder some time ago.?
ese data were recently check:d against a preliminary R-
Matrix analysis® of the six-nicleon system and it was
dctermined that the elastic scattering has been modified very
lile in the intervening time. Whea the six-nucleon analysis is
more nearly complete, this will be reviewed again. The data
were sumrned into cumulative probability tables and angular
distnbutions for use by the Monte Carlo code, and ne
continuous energy loss functions,® .y, and y ‘vere evaluated
for the Coulomb interactions of a fast alpha particle with a hot
deuterium plasma. The simple Monte Carlo geometry!
remained unchanged.

Alpha particle energies of 1.7, 1.6, 5.0, and 9.0 MeV
were chosen to represent the products of a variety of fusion
processes.  The cutoff angle (8g) wus uet to 5° for the alpha
parucle and 10° for deuteron scattering. Plasma electron
temperatures (kTe) of 10, 25, 50, 75, 100, and 150 keV were
selected to span conditions of interest. As before,! ion
temperatures were arbitranrily set 50'¢ greater than electron
temperatures 1nd thermalization was decreed for E,gn S 1/2
kTion. 10,000 Monte Carle alpha particles were started in
each case. "ﬂm deuteron number density was chosen to be 5.1
x [O~4cem- 2

Results

The statistical quantities of the calculations are shown
Table 1. For example, each 5-MeV a in a 100-keV plasr
made an average of 34.58 large angle (2 59) collisions befc

thermalizadon. The average @ energy following collisio
was 1.6 MeV. The deuterons recoiled with an average ener,
of 41 keV so most were immediately thermalized. Recoi

with energies above 225 keV [(%)2 x 100 KeV] had enou

collisions to give an average of 5.59 large angle (2 10
collisions per recoil before thermalization. The avera;
deuteron energy after scartering was 620 keV. The forwa
peaked cross section causes the low average nxcoil energy.

Figures | through 4 give -‘;—E vs R for a 3.6 MeV
0

particle in 10. 50, 100, 150 keV plasmas. The dotted li1
shows results for Rutherford continuous energy deposition
Data at other energies are available. Analogous depositic
time data are also available; an example for 3.6 MeV at 50 Ke
is shown in Fig. 5. Table 2 gives the fraction of energ
deposited to ions by Monte Carlo (Rutherford only) for a
cases treated. There is little change in the ion fracdon.

An examination of all the calculations shows that up
10% of the inidal alpha particle energy is convened into reca
deuteron tluxes that extend factors of three in both space ar
time ueyond the alpha deposidon ranges and deposition nme
Depending on the plasma devices being considered, this ca
cither be ignored or included in the simulat:ons if suc
perturbations are significant.
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Table 1. Average Collisions and Energies Per Initial Alpha Parucle

PLASMA TEMPERATURES (keV)

10 23 S0 15 100 131)
1.7 \MeV a
a-d Collisions 10.86 18.1¢€ 23.19 2488 2549 26,40
d-d Collisions 0.15 0.31 0.51 0.57 (.63 0.1
Eq scattered (MeV) 0.76 0.84 0.87 0.89 0.90 0.90
F4 recoil (MeV) 0.012 0.011 0.012 0.012 0.012 0.012
[y sciatered (MeV) 0.32 0.37 0.39 0.%0 0.41 0.51
16 MeV
a-d Collisions 11.25 21.82 27.69 29.54 11.96 6.4
d-d Collisions 0.22 1.02 2.04 2,66 1 274
Cy scanered (MeV) 0.99 1.12 1.28 1.37 1.39 1.35
E4 recoil (MeV) 0.017 0.022 0.026 0.029 0.029 0.029
E4 scattered (MeV) 0.42 0.47 0.53 0.56 0.56 0.69
S0MeVa
a-d Collisions 12.57 21.81 28.51 31.90 34.58 39.19
d-d Collisions 0.34 1.34 3.07 423 5.59 5.03
Eq scattered (MeV) 1.02 1.27 1.47 1.57 1.60 1.57
E4 recoil (MeV) 0.022 0.028 0.036 0.040 0.041 0.043
Eg scattered (MeV) 0.41 0.52 0.58 0.63 0.62 0.78
90MeVa
a-a Collisions 12.14 20.76 29.31 33.41 36.70 41.22
d-d Collisions 0.45 2.27 6.41 10.30 14.54 14.61
Eq scattered (MeV) 1.17 1.52 1.73 1.85 1.87 1.84
E4 recoil (MeV) 0.035 0.052 0.073 0.084 0.088 0.100
E{ scattered (MeV) 0.50 0.62 0.74 0.79 0.79 1.00

AE/E for E=1.86 Mev tn a 10 kev plasma

Table 2. Fracdonal Energy Deposited to lons. z,
The numbers in the parentheses are the corresponding values -
tor Rutherford only continuous deposition. . "l

Eq
17 16 5.0 9.0 .

Tc =,
10 40 23 18 11 °
(41 (.24 (.19) ¢1h -

25 65 44 36 24 .
(.66) (.45) (.16) (2Y L ¥

50 kP 64 55 Al g%
8 (.64) .54 (IR1.))] 3,

75 %9 75 67 $3 :
(.89) (.74 (.66) ( 40) '

10 92 81 74 62 1.
(v (Rl) 70 .57 2

150) R KN LR ~3 1,
(98) (.XR) ( 82 t 6R8) -
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Fig. 1. Radial distribution of AE/E ior E-16 MeV and
kTen10 keV. The dotted line is Rutherford contunuous energy
loss results.



AE/E for E=3.6 Mev in a 50 Kev plasma Ab/E for E=168 Mev an a 150 kev plasima
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Fig. 4. Radial distribution of AE/E for E=3.6 MeV and
kTe=150 keV. The dotted line is Rutherford continuous
energy loss results.

Fig. 2. Radial distribution of AE/E for E=3.6 MeV and
kTe=50 keV. The dotied line is Rutherford continuous energy
loss results.

AE/E for E=3.6 Mev 1n a 100 kev plasma AE/E for F=3.6 Mev in a 1) kev plasta
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Fig. 3. Radial diSlﬂbUliOl‘l of AF/E for E=36 MeV I;Ig. S. Dislri!)ulinn in uime of .\EIF.‘ for E-Un \MeV an
kTe=100 keV. The dotted line is Rutherford COnfmu:):‘: kTe=50 keV. The dotted line 1s Rutherford contintous cnerg:

enearov lnes rasiibia



